Major urinary proteins (MUP) are the major component of the urinary protein fraction in house mice (Mus 27 spp.) and rats (Rattus spp.). The structure, polymorphism and functions of these lipocalins have been well 28 described in the western European house mouse (Mus musculus domesticus), clarifying their role in 29 semiochemical communication. The complexity of these roles in the mouse raises the question of similar 30 functions in other rodents, including the Norway rat, Rattus norvegicus. Norway rats express MUPs in urine 31 but information about specific MUP isoform sequences and functions is limited. In this study, we present a 32 detailed molecular characterization of the MUP proteoforms expressed in the urine of two laboratory 33 strains, Wistar Han and Brown Norway, and wild caught animals, using a combination of manual gene 34 annotation, intact protein mass spectrometry and bottom-up mass spectrometry-based proteomic 35 approaches. Detailed sequencing of the proteins reveals a less complex pattern of primary sequence 36 polymorphism than the mouse. However, unlike the mouse, rat MUPs exhibit added complexity in the form 37 of post-translational modifications including phosphorylation and exoproteolytic trimming of specific 38 isoforms. The possibility that urinary MUPs may have different roles in rat chemical communication than 39 those they play in the house mouse is also discussed.
INTRODUCTION
. However, the very low abundance of these proteins meant that few peptides were observed 249 and the resulting protein coverage did not allow confident assignment to any of the predicted proteins. By 250 contrast, the same approach revealed the MUP isoform composition of male samples. Below, we discuss the 251 protein-level evidence for each of the genes and include information from transcripts published to date 252 (Table 1) , focusing predominantly on genome assembly v4 for these assignments. For these analyses, we 253 have retained the rat MUP numbering scheme first proposed by Logan et al [26] although this scheme also 254 numbered the pseudogenes in the same sequence, in genome order. This numbering is now referenced in 255 other studies [22, 53] . Indeed, a logical nomenclature based on gene order is impossible until a fully 256 assembled and annotated analysis of this region of the rat genome is available. This MUP has also been referred to as OBP3 [22, 56] , despite its high similarity to other MUPs and much 263 lower similarity to rat OBP1 (28%) or OBP2 (18%). It is now clear that the gene encoding this protein is part 264 of the MUP gene cluster. Further, unlike nasal MUPs in mice, which seem to be tissue specific, it is possible 265 that the same MUP could play a dual role in odour reception and scent signalling, as it is expressed at high The relative amount of each isoform was quantified based on the peak area of the deconvoluted spectra.
601
Spearman correlation coefficient was calculated between the amounts of each protein in different 602 individuals. High correlation was found in laboratory strains whereas weak correlation was found in wild 603 individuals, suggesting the possibility of quantitative polymorphism and a higher degree of variance than in 604 the laboratory strains. The phenotypic analysis of urinary MUPs is mapped to the mup region of rat genome version 4. Above the 612 gene annotation we include transcriptional evidence from other studies, highlighting tissue of origin. Below 613 the gene annotation, we summarise the findings in this paper. For each protein, we report the evidence for 
